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Preface

The Columbia River is a critical resource for residents of the Pacific Northwest. It provides for
basic needs and is interrelated with the life style and quality of life for Columbia Basin's many human
and non-human residents. This resource drew the Manhattan Project's planners to the site now called
Hanford to produce nuclear weapon materials. Production of those materials has left behind a legacy of
chemical and radioactive contamination and materials that have, are, and will continue to pose a threat
to the Columbia River for the foreseeable future.

To evaluate the impact to the river from this Hanford-derived contamination, the U.S. Department
of Energy, U.S. Environmental Protection Agency, and State of Washington Department of Ecology
(the Tri-Party agencies) initiated a study referred to as the Columbia River Comprehensive Impact
Assessment (CRCIA). To address concerns about the scope and direction of CRCIA as well as enhance
regulator, stakeholder, tribal, and public involvement, the CRCIA Management Team was formed in
August 1995. The CRCIA Team meets to share information and provide input to decisions made by the
Tri-Party agencies concerning CRCIA. Representatives from the Confederated Tribes of the Umatilla
Indian Reservation, Hanford Advisory Board, Nez Perce Tribe, Oregon State Department of Energy,
Yakama Indian Nation, Tri-Party agencies, and contractors are active participants on the team.

A major CRCIA Team decision was to organize CRCIA into phases, with additional phases to be
identified as warranted after completion of the initial phase. The initial phase is comprised of two parts:
1) a screening assessment to evaluate the current impact to the river resulting from Hanford-derived
contamination (see Figure P. 1 for map of screening assessment area) and 2) identification of require-
ments considered necessary by the CRCIA Management Team for a comprehensive assessment of
impact to the river.

This Data for the Screening Assessment report is the fourth in a series of reports which have been
issued as part of the initial phase. Figure P.2 depicts the documents which have been and will be issued
in the initial phase. After the data report and three previously published reports have been revised, they
will be incorporated into a two-part report which will document the results of the two parts of the initial
phase of CRCIA: the screening assessment results and the requirements for a comprehensive
assessment.

Background

The Hanford Site occupies 1456 square kilometers (560 square miles) in the south central portion of
the State of Washington. It is located northeast of the Tri-Cities of Richland, Kennewick, and Pasco.
The site is partially bordered on the north and east by the Columbia River and includes a relatively nar-
row buffer zone north of the river referred to as the Wahluke or North Slope. The Hanford Site is
located on land ceded in 1855 by treaties with the Confederated Tribes of the Umatilla Indian Reserva-
tion and the Yakama Indian Nation. The Nez Perce Tribe has treaty rights on the Columbia River. The
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Purpose and Scope of the Screening Assessment

The purpose of the screening assessment is to support cleanup decisions. The scope of the screen-
ing assessment is to evaluate the current risk to humans and the environment resulting from Hanford-
derived contaminants. The screening assessment has the primary components of:

- identifying contaminants to be assessed
* identifying a variety of exposure scenarios to evaluate human contaminant exposure
- identifying a variety of other species to evaluate ecological contaminant exposure
- assessing risks posed by exposure of humans and other species to the contaminants

The study area for the screening assessment (see Figure P.1) was defined to extend from upstream
of the Hanford Site in areas unaffected by Hanford Site operations down to McNary Dam, which is the
first dam downstream of the Hanford Site. Historical data indicate that the concentrations of contam-
inants are as high or higher in this reach of the Columbia River than in areas downstream of McNary
Dam. Other factors determining the study area include the availability of appropriate environmental
data to conduct the screening assessment, the lack of such data downstream of McNary Dam, the known
discharge of contaminants into the river (primarily via groundwater seepage) along the Hanford Site,
and the resource constraints (time and dollars) originally imposed on the screening assessment. The
parameters of the scope are:

Area: Columbia River (vicinity of Priest Rapids Dam to McNary Dam), groundwater (up
to 0.8 kilometer/0.5 mile in from the river), and adjacent riparian zone

Time: January 1990 - present (date data were received for use in the screening assessment)
with data gaps filled by earlier data where available

Contaminants: Published in Napier et al. (1995) (to be modified in screening assessment report)

Scenarios: Published in Napier et al. (1996) (to be modified in screening assessment report)

Receptor Species: Published in Becker et al. (1996) (to be modified in screening assessment report)

Measured Media: Groundwater, sediment, seeps, surface water, external radiation, biota, cobalt-60
particles, drive point groundwater, N Springs punch point water, and pore water

The primary contractor conducting the screening assessment is the Pacific Northwest National
Laboratory. Bechtel Hanford, Inc. provides technical and public involvement coordination with envi-
ronmental restoration activities. Technical peer reviewers are evaluating the work under the guidance
of the Directors of the Oregon Water Resources Research Institute and State of Washington Water
Research Center.
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Table P.1. Documents in Initial Phase of Columbia River Comprehensive Impact Assessment

Title Document No. Publication Date Status

Data Compendium for the Columbia PNL-9785 April 1994 Final publication
River Comprehensive Impact Assess-
ment (Eslinger et al. 1994)

List of Currently Classified Documents PNL-10459 February 1995 Final publication
Relative to Hanford Operations and of
Potential Use in the Columbia River
Comprehensive Impact Assessment
January 1, 1973 - June 20, 1994
(Miley and Huesties 1995)

Identification of Contaminants of PNL-10400 January 1995 Published as a draft - Issued first in
Concern (Napier et al. 1995) January 1995 for review, then again in

January 1996; comments from both
review periods will be addressed and
report will be a section in the Screening
Assessment and Requirements for a
Comprehensive Assessment report

Human Scenarios for the Screening DOE/RL-96-16-a March 1996 Published as a draft - Then comments
Assessment: Columbia River Rev.0 will be addressed and report will be a
Comprehensive Impact Assessment section in the Screening Assessment and
(Napier et al. 1996) Requirements for a Comprehensive

Assessment report

Species for the Screening Assessment: DOE/RL-96-16-b March 1996 Published as a draft - Then comments
Columbia River Comprehensive Impact Rev. 0 will be addressed and report will be a
Assessment (Becker et al. 1996) section in the Screening Assessment and

Requirements for a Comprehensive
Assessment report

Data for the Screening Assessment: DOE/RL-96-16-c June 1996 Published as a draft - Then comments
Columbia River Comprehensive Rev.0 will be addressed and report will be a
Impact Assessment (Miley et al. 1996) section in the Screening Assessment

and Requirements for a Comprehensive
Assessment report

Screening Assessment and DOE/RL-96-16 December 1996 To be published as a draft - Will incor-
Requirements for a Comprehensive Rev.0 porate all previous draft publications
Assessment: Columbia River (not those published as final) plus sec-
Comprehensive Impact Assessment tions on site characterization, screening

assessment of risk, and CRCIA Team
statement of work to be done after the
initial phase

Screening Assessment and Require- DOE/RL-96-16 April 1997 To be published final - Will incorporate
mentsfor a Comprehensive Assess- Rev. 1 responses to comments and minority
ment: Columbia River Comprehensive opinions should any comments not be
Impact Assessment reconciled
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Summary

The initial phase of the Columbia River Comprehensive Impact Assessment (CRCIA) is a screening
assessment of risk to humans and the environment. To assess risk, monitoring data of contaminant con-
centrations are needed. The data task provides measurements of contaminant concentrations in various
media for use in the human health and ecological screening assessments. This report is divided into two
volumes. Volume I: Text describes the data gathering and data selection processes. Volume II:
Appendices presents the 1) final data sets (media files) to be used in the screening assessments, 2) the
raw data from which the data sets were derived, and 3) the raw data values for media for which other
calculation methods will be used. (For a copy of Volume II with 500 pages plus 9 diskettes, contact
S. D. Cannon at 509-372-6210.) The data task for CRCIA is being conducted under the guidance of
the CRCIA Management Team. All defining decisions for the task were made with CRCIA Team
concurrence

The scope of the data task is to compile data collected since January 1990 by the various monitoring
programs for the contaminants of interest. The contaminants of interest for the screening assessment
were originally defined in Napier et al. (1995) and have been revised based on comments received on
that draft document.

The media for which concentration data are needed for the human health and ecological screening
assessment calculations are groundwater, sediment, seeps, surface water, and external radiation. These
media files along with the original raw data files are presented in this report. In addition, contaminant
concentrations in biota, cobalt-60 particles, drive point groundwater data for chromium, N Springs
punch point water data, and pore water data for chromium will be evaluated in the screening assess-
ment. These raw data values are also presented in this report. However, because the availability of
data applicable to the screening assessment is limited, other calculation methods will be used in the
screening assessment for biota, cobalt-60 particles, drive point groundwater, N Springs punch point
water, and pore water. Therefore, no media files needed to be prepared for these data.

The first step in the data gathering process was to identify sources of environmental data. A data
compendium (Eslinger et al. 1994) provided a collection of references. Other sources of environmental
data were identified by the CRCIA Team. In addition, a meeting was called with data managers and
environmental leads at the Hanford Site who are familiar with river sampling activities. The purpose of
this meeting was to summarize the data that had been gathered and to identify additional sources of data.
This meeting was also used to determine which programs' data were stored in the Hanford Environmen-
tal Information System (HEIS).

Data for all media were initially gathered from a corridor up to 0.8 kilometer (/ mile) on either
side of the Columbia River. For sediment, seeps, surface water, and external radiation, all data within
0.8 kilometer of the river were used. For the groundwater data, it was necessary to use only the por-
tion of these data that would be relevant to estimating the contaminant concentrations entering the
Columbia River from the Hanford Site. This was done by assigning a groundwater corridor width to
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100 Areas

300 Area

biota

CERCLA

concentration

CRCIA

CRCIA Team

deterministic analysis

Glossary

site of the Hanford production reactors, which include B, C, D,
DR, F, H, KE, KW, and N Reactors; see Figure P.1

site of the research, development and fuel-fabrication operations;
see Figure P.1

plants and animals

Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 as Amended (42 USC 9601 et seq. as
amended)

amount of substance in a given quantity of material (for example,
micrograms of chromium per liter of groundwater)

Columbia River Comprehensive Impact Assessment

Columbia River Comprehensive Impact Assessment Management
Team

single calculation performed with a single value selected for each
parameter, such as the concentrations of contaminants entering the
river; see stochastic analysis

U.S. Department of Energy

Ecology

EPA

ERC

Geographic Information System

geometric mean

Washington State Department of Ecology

U.S. Environmental Protection Agency

Environmental Restoration Contractor (Bechtel Hanford, Inc.;
CH2M Hill Hanford, Inc.; IT Hanford, Inc.; Thermo Hanford,
Inc.)

computerized system designed to efficiently capture, store, update,
manipulate, analyze, and display all forms of geographically
referenced information

see "mean" for definition.
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pdf

plume

PNNL

production operations

radionuclide

probability density function; set of all possible values of a
parameter and their associated likelihoods

volume of air, water, or soil containing contaminants released from
a contaminant source

Pacific Northwest National Laboratory

activities connected with the production reactors in the 100 Areas

(B, C, D, DR, F, H, KE, KW, or N reactors) in which uranium or

other fuel was irradiated with neutrons to produce radioactive
materials; used primarily at Hanford to produce plutonium for
weapons; used also for research

radioactive isotope of an element

RCRA

risk assessment

screening assessment of risk

SD

seeps

SESP

SP

Resource Conservation and Recovery Act of 1976 (42 USC 6901
et seq. as amended)

estimation of the severity and likelihood of harm to human health or

the environment occurring from exposure to a particular substance
or activity

risk assessment with limited scope; for example, the initial phase of

CRCIA is a screening assessment of risk because it is restricted to
1) current conditions, 2) the area between Priest Rapids Dam and
McNary Dam, 3) a limited number of contaminants, 4) a few
selected receptor species, and 5) a limited amount of monitoring
data; the objective of the screening assessment of risk is to identify
areas where significant potential exists for adverse effects on
humans or the environment

sediment

locations where groundwater oozes to the surface

Surface Environmental Surveillance Project

seeps

stochastic analysis set of calculations performed over the range of some of the input
parameters; see deterministic analysis
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1.0 Introduction

The initial phase of the Columbia River Comprehensive Impact Assessment (CRCIA) is a screening
assessment of risk to humans and the environment. To assess risk, monitoring data of contaminant con-
centrations are needed. The data task provides measurements of contaminant concentrations in various
media for use in the human health and ecological screening assessments. This report is divided into two
volumes. Volume I: Text describes the data gathering and data selection processes. Volume II:
Appendices presents the 1) final data sets (media files) to be used in the screening assessments, 2) the
raw data from which the data sets were derived, and 3) the raw data values for media for which other
calculation methods will be used. (For a copy of Volume II with 500 pages plus 9 diskettes, contact
S. D. Cannon at 509-372-6210.)

1.1 Scope

The Columbia River has been the focus of environmental monitoring programs over the years. The
scope of the data task is to compile data collected since January 1990 by the various monitoring pro-
grams for the contaminants of interest. The contaminants of interest for the screening assessment were
originally defined in Napier et al. (1995) and have been revised based on comments received on that
draft document. The revised list of contaminants is given in Table 1.1.

Table 1.1. List of Identified Contaminants of Interest")

Radionuclides Metals Other Compounds

Carbon- 14 Chromium Ammonia

Cesium-137 Copper Benzene

Cobalt-60 Lead Cyanide

Europium- 152 Mercury Diesel oil

Europium- 154 Nickel Kerosene

Iodine-129 Zinc Nitrate

Neptunium-237 Nitrite

Strontium-90 Phosphates

Technetium-99 Sulfates

Tritium Xylenes

Uranium-234

Uranium-238 _

(a) Direct irradiation and discrete radioactive particles will also be evaluated.
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Table 1.2. (contd)

Date Decision

2/20/96 The set of representative data in each segment for each medium will be assumed to be lognormally distributed.
The parameters for the lognormal distribution will be estimated from the representative data. Log-probability
plots will be provided.

2/20/96 Both filtered and unfiltered data will be used in the identification of representative data and in determining the
parameters for the lognormal distribution.

2/27/96 Dixon's test will be used to eliminate, at most, a single outlier data point in each data set. In the data section of
the final report, every data point that is eliminated will be explained.

2/27/96 For the elimination of outliers, log transformation of the data will be used.

A Geographic Information System was used to assist in implementing the processing of the data for
the screening assessment. The Geographic Information System is a computerized system designed to
efficiently capture, store, update, manipulate, analyze, and display all forms of geographically refer-
enced information. Many software packages exist that perform basic Geographic Information System
functions. Arc/Info Rev. 7.0.2 was used for the data task (ESRI 1994).

1.2.1 Segmentation

The human health and ecological screening assessments calculate risk based on contributions from
multiple pathways affected by contaminant concentrations in multiple media. These contaminant con-
centrations were not usually measured in a fashion that would allow a complete assessment at every
sampling site. To provide data for the assessments, it was necessary to aggregate data to represent con-
centrations in areas rather than at points. This was done through the technique of river segmentation.

Staff from the Pacific Northwest National Laboratory (PNNL), U.S. Environmental Protection
Agency (EPA), and Washington State Department of Ecology (Ecology) defined 27 segments within the
study area from Priest Rapids Dam down to McNary Dam (see Figure 1.1). A segment is a section of
the river over which contaminant conditions can be expected to be similar and which captures the major
influences to the Columbia River. The major resources used to decide how to most appropriately seg-
ment the river were a groundwater well location map (Dresel et al. 1995), the radiological and chemical
contaminant plume maps from the 1994 Hanford Site groundwater monitoring report (Dresel et al.
1995), the Surface Environmental Surveillance Project spring monitoring locations information, the
maps of sampling locations for the special chromium studies being conducted by the Environmental
Restoration Contractor at the 100-H Area (Hope and Peterson 1995) and 100-D Area (from an unpub-
lished document by S. J. Hope and R. E. Peterson), and the Ecology and EPA staff knowledge of the
contaminant sources.

Because many contaminant sources are located in the reactor areas, each reactor area was examined
to determine if a single segment could be designed around it or whether it should be further divided.
When this decision was made, the resources listed above were used to determine the upstream and
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downstream cutoff points for these segments. This process was continued for other major features of
the river, such as the sloughs and the confluence points of the Yakima, Snake, and Walla Walla Rivers.
The final step in the segmentation process was to look at the areas between known areas of interest and
determine how to define segments in these generally data sparse areas.

1.2.2 Thiessen Polygon Analysis

A Thiessen polygon analysis was used to define the area of influence of the data from a ground-
water well and, thereby, refine the segmentation of the river. Thiessen analyses apportion points into
polygonal regions such that each region contains only one point. Each region has the unique property
that any location within a region is closer to the region's point than to any other point (Thiessen and
Alter 1911). In this study, the points used for the analysis are the groundwater well locations. An
example of the results of the Thiessen analysis are shown in Figure 1.2. The example shows a portion
of the study area where segment boundaries were adjusted based on the Thiessen results.

Adjustments to segment boundaries were based on the Thiessen analysis for two reasons. First, it
was desirable for the polygons within a segment to be of similar size so that each well is used to repre-
sent the contaminant concentration over an area of similar size. When polygon sizes became large rela-
tive to the other polygons in the segment, then the large polygon was clipped and the space was added
to neighboring segments. This phenomenon occurs with the outer most wells in a data dense area when
the data dense area borders an area with few or no wells. Therefore, the additional space was added to
a data sparse segment. Second, the original segment boundaries were drawn perpendicular to the river
shore. To better reflect the areas of well influence, the polygon lines were used to represent the seg-
ment boundaries. Examples of this type of adjustment can be seen on Figure 1.2 for both the upstream
and downstream boundaries of segment 3.

1.2.3 Corridor

Data for all media were initially gathered from a corridor up to 0.8 kilometer (/ mile) on either
side of the Columbia River. For sediment, seeps, surface water, and external radiation, all data within
0.8 kilometer of the river were used. For the groundwater data, it was necessary to use only the por-
tion of these data that would be relevant to estimating the contaminant concentrations entering the
Columbia River from the Hanford Site. This was done by assigning a groundwater corridor width to
the Hanford side of each segment. The corridor width was based on having sufficient groundwater data
to characterize the contamination within a segment. These corridor width decisions were made by staff
from Ecology, EPA, and PNNL with concurrence by the CRCIA Team. The corridor widths for
groundwater data are as follows. Segments 2 (100-B/C Area), 5 (116-K-2 trench in 100-K Area), 6
(100-N Area), 7 and 8 (100-D Area), 10 (100-H Area), 13 (100-F Area), and 20 (300 Area) have a
0.8-kilometer (1/4-mile) corridor width. Segment 4 (100-K Area) has a 0.6-kilometer (3/8-mile)
corridor width. All other segments have a 0.8-kilometer (1/2-mile) width (Figure 1.1). These ground-
water corridor widths are measured from the Columbia River shoreline inland onto the Hanford Site.
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2.0 Data Gathering

Many data have been collected that are relevant to the Columbia River environment and the
CRCIA. The data task gathered the existing data that fell within the scope of the geographical area and
time period of the screening assessment.

2.1 Description of the Data Gathering Process

The data gathering process involved identifying sources of environmental data, assimilating that
data, and identifying the appropriate river segment to which the data applied.

2.1.1 Identification of Data Sources

The first step of the data gathering process was to identify sources of environmental data. A data
compendium (Eslinger et al. 1994) was produced for CRCIA and was the initial step to identify existing
environmental data sources associated with the Columbia River that may be of potential interest to
CRCIA. The data compendium provides a collection of references as well as a discussion of data
sources, descriptions of the physical format of the data, and descriptions of the search process used to
identify data. Other sources of environmental data were identified by the CRCIA Team. In addition, a
meeting was called with data managers and environmental leads at the Hanford Site who are familiar
with river sampling activities. The purpose of this meeting was to summarize the data that had been
gathered and to identify additional sources of data. This meeting was also used to determine which
programs' data were stored in the Hanford Environmental Information System (HEIS).

2.1.2 Data Assimilation

Once the sources of environmental data were identified, data were collected for January 1990 to the
date the data were received. The data were reviewed with the environmental leads for the respective
data sources to categorize the data appropriate for the media of interest. The data were then cross ref-
erenced with the contaminants of interest. Once the data of the independent programs had been selected
as appropriate for use within the scope of the screening assessment, the various data sets within a
medium were combined into a single database.

2.1.3 Identification of Sampling Locations and Their Segments

Before the data can be processed by segment into usable input files for the human health and ecol-
ogical screening assessments, the coordinates of the sampling location must be identified and accurate.
Many environmental sampling projects on the Hanford Site identify their sampling locations in the
Geographic Information System. Other programs document their sampling locations on a map in a
report but do not provide coordinates. Data received from HEIS generally had coordinates associated
with the data and were easily downloaded into the Geographic Information System. Downloading data
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2.2.4 Port of Umatilla

The Port of Umatilla does not have an environmental sampling program and relies on the U.S.
Army Corp of Engineers in Walla Walla for information. No data were collected from the Port of
Umatilla for input into the screening assessment.

2.2.5 Washington Public Power Supply System

The Washington Public Power Supply System (WPPSS) has an environmental monitoring program
which consists of the 1) Radiological Environmental Monitoring Program and 2) Non-Radiological
Environmental Monitoring Program. Both of these programs produce annual reports. The data are col-
lected quarterly, and the constituents analyzed for are limited to those of interest to WPPSS. The
Radiological Environmental Monitoring Program provided data collected from 1990-1994 for use in the
current screening assessment for radionuclides in the following media:

- External radiation
- Fish
- Plants/vegetables
* Sediment
- Surface water

WPPSS is no longer required to monitor for non-radiological contaminants, and the data from
previous years when monitoring was required have not been maintained in a database. Non-radiological
monitoring reports for 1990-1995 were provided by WPPSS for data input into the screening
assessment.

2.2.6 Oregon Department of Energy

The Oregon Department of Energy had no environmental sampling data along the Columbia River
within the scope of the screening assessment (Priest Rapids to McNary Dams and 1990-present). No
data were collected from the Oregon Department of Energy for input into the screening assessment.

2.2.7 U.S. Army Corps of Engineers - Walla Walla and Seattle

The Corps of Engineers conducted sediment sampling along the Columbia River in the early 1980s.
The purpose of the sampling was to analyze grain size. Contaminant concentrations were not measured.
Currently, the Army Corps is not conducting environmental sampling within the scope of the current
study area for the screening assessment from the vicinity of Priest Rapids Dam to McNary Dam.

2.2.8 Washington Department of Health

The Environmental Radiation Program within the Washington Department of Health collects envi-
ronmental data and produces annual reports containing that data. Data were requested from the
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2.3 Hanford Data Sources

The following Hanford resources were contacted to obtain environmental sampling data along the
Columbia River for input into the screening assessment.

2.3.1 Environmental Restoration Contractors

The Environmental Restoration Contractors (ERC - Bechtel Hanford, Inc.; CH2M Hill Hanford,
Inc.; IT Hanford, Inc.; Thermo Hanford, Inc.) queried the HEIS database for environmental data
relevant to the screening assessment. ERC also provided environmental data from a special chromium
study along the 100-D (unpublished report by S. J. Hope and R. E. Peterson) and 100-H (Hope and
Peterson 1995) Areas of the Hanford Site.

2.3.2 Hanford Environmental Information System

The purpose of HEIS is to provide computer-based access to Hanford Site environmental sample
data (Brulotte 1994). Some of the programs that store data in HEIS are the PNNL Groundwater Moni-
toring Program, ERC's CERCLA remedial investigation/feasibility study programs, and the Westing-
house Hanford Company (WHC) Environmental Monitoring program. Many special studies also place
their data in the HEIS system.

The functions of HEIS are the following:

- Assignment of sample numbers - Data storage
- Scheduling and tracking samples o Database query and report generation

The types of data found in HEIS are:

- Atmospheric - Samples
" Biota o Soils (surface and geologic)
- Constituents o Waste site
* Groundwater . Water levels
" Locations - Wells

The procedures for computer access to HEIS are found in Schreck (1993). There are nine volumes
organized by subject and area.

2.3.3 Pacific Northwest National Laboratory

Data collected by PNNL through the Ground Water Surveillance Project and the Surface Environ-
mental Surveillance Project (SESP) were provided for the screening assessment. In addition to the
ongoing monitoring data provided by SESP, environmental data from special studies were provided for
the screening assessment.
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2.4.1 Raw Data Files

The raw data from all sources were combined into a single Microsoft Access database for each
medium. Access is a Windowslm-based database management system that stores and retrieves data,
presents information, and automates repetitive tasks. Diskettes of the raw data are included as part of
Appendix A in Volume II of this report. The content of the raw data is described in Appendix A.
Volume II (over 500 pages plus 9 diskettes) is available by calling S. D. Cannon at 509-372-6210.

2.4.2 Raw Data Summary

The raw data are summarized by segment to show the sample coverage across the media. This
summary is presented in Table 2.1. For each segment, the major feature of the segment is identified,
and the number of samples for each medium is given. For the groundwater, the corridor width and the
number of wells used are also presented.

Table 2.2 presents a further breakdown of the sample counts by media into the number of analyses
in each medium by contaminant of interest.

2.4.3 Data Sampling Locations

Each media database was queried to identify the set of unique sample locations for the data used for
that medium. The coordinates for these sample locations were fed into the Geographic Information Sys-
tem for plotting on a map. Figure 2.1 shows all of the sampling locations used in the screening assess-
ment for all of the media. Because of concurrent sampling (for example, for seeps and sediment) in
some of the locations, not all locations are visible on the map. The media are listed in the legend in the
order of plotting. The number of locations on the map is given in the legend for each medium. A map
for each of the media sampling locations is also provided. These are Figure 2.2 for groundwater, Fig-
ure 2.3 for sediment, Figure 2.4 for seeps, Figure 2.5 for surface water, and Figure 2.6 for external
radiation. Detailed maps with coordinate grids are provided in Appendix B of Volume II. Each map
shows a single segment and the sample locations for all media in that segment. The coordinate grid is
provided so that samples may be tracked from the coordinates provided in the raw data. For a copy of
Volume II (over 500 pages plus 9 diskettes), call S. D. Cannon at 509-372-6210.
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Table 2.2. Number of Raw Data Samples per Contaminant, Medium, and Segment
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Table 2.2. (contd)
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3.0 Data Selection Process

This section describes the data analysis process used to obtain concentration inputs to the screening
assessment models from the raw concentration data. This process was repeated for each segment and for
each contaminant being evaluated. The process involved choosing a maximum representative value for
the concentration of each contaminant for a deterministic run and calculating the parameters that define the
concentration probability density function needed for the stochastic runs. The term "maximum representa-
tive value" is used to mean the highest concentration value that is considered representative of the sam-
pling location.

Because of the volume of data, it was desirable to keep human intervention in the data selection proc-
ess to a minimum. PNNL guided the development of computational techniques to select the data values to
be used in the screening assessment. Graphical displays of the raw data were used to track the results of
the computational techniques and identify needed modifications to final data files. The data plots are
included as Appendix C in Volume II. For a copy of Volume II (over 500 pages plus 9 diskettes), contact
S. D. Cannon at 509-372-6210.

The work of the data task did not include analyzing the quality of the data. Data quality objectives
will be discussed in the report on the screening assessment and requirements for a comprehensive
assessment.

3.1 Deterministic and Stochastic Analyses

To meet the needs of the screening assessment, data were prepared to support two types of analyses:

- A deterministic analysis wherein a single calculation is performed with a single value selected for
each parameter, such as the concentrations of contaminants entering the river.

- A stochastic analysis wherein a set of calculations is performed over the range of some of the input
parameters.

For the deterministic analysis, the maximum representative concentrations for each contaminant in
each medium were used to represent the segment. For the stochastic analysis, a probability density func-
tion of the concentration parameter will be assumed to be a lognormal distribution truncated at the 99.9th
percentile. The probability density function expresses the state of knowledge about alternative values for
the parameter. The particular lognormal distribution assumed will be determined by specifying the geom-
etric mean and geometric standard deviation that represents concentration data for each river segment for
which impacts will be computed.
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Table 3.1. Groundwater Wells Eliminated as Sources of Data for the Screening Assessment

Segment Well Name

2 199-B2-12

2 199-B3-2P

4 199-K-32B

6 1 99-N-69

6 199-N-80

6 199-N-8P

8 199-D8-54B

8 199-D8-54B

10 199-H4-12C

10 199-H4-15C

10 199-H4-2

13 199-F5-43B

13 199-F5-43B

20 399-1-16C

20 399-1-17C

20 399-1-9

21 699-S29-E16C

3.3.2 Selection of Data

This section presents the data selection process for groundwater data. The process was followed for
each contaminant and river segment.

3.3.2.1 Process the Raw Data for Inconsistencies

All groundwater data used in the assessment were from HEIS. ERC supplied a Microsoft Access
macro to process the data for inconsistencies. The macro performed a series of queries designed to imple-
ment data standardization and to correct known errors. Soil results that reside in the groundwater area of
HEIS were removed. Units of measurement were standardized for various contaminants. Known errors in
constituent identification codes were corrected. Constituent names were standardized. Known errors in
some of the nitrate analyses were corrected.
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3.3.2.5 Choose a Representative Well Maximum

A representative maximum value is used for the deterministic analysis because the goal is to produce a
conservative or worst case estimate of risk. For each groundwater well with non-trending data, the maxi-
mum concentration detected in the well is chosen for the representative maximum value. For upward
trending data, the maximum concentration was more conservative than the maximum of the current time
period, so the overall maximum was used. For downward trending data, the most recent detected meas-
urement was used. If there is more than one detected measurement in the most recent sampling period (as
in one filtered and one unfiltered), then the maximum of the measurements is chosen as the representative
maximum value.

3.3.2.6 Choose a Representative Well Median

A representative median value was used in the calculation of stochastic parameters because the
stochastic process requires that attention be focused on best-estimate parameter values rather than conserv-
ative (maximal) values. If an upward or downward trend was detected, the median of the most recent
groundwater concentration measurements was used to represent the well. If a well does not have a trend,
then no single data point is considered more representative of the well than any other point. In that case,
the median of the data is the single most representative concentration value for the well. This approach
leads to the most representative probability density function to describe the uncertainty about the concen-
tration data for the river segment being studied.

3.3.2.7 Compute Segment Parameters

For the groundwater medium, the representative values for individual wells must be combined into
parameters that are representative of the river segment because no single well is representative of the seg-
ment. Whereas the process for the wells combines the data over time into a single value at the various
well locations, the segment process combines the values over space into representative data for the
segment.

3.3.2.8 Compute the Segment Maximum

The segment maximum is the highest of the well representative maximum values. This value is the
maximum of all the observed concentrations in any well in the segment. This value is used to represent
the segment in the deterministic risk calculations.

3.3.2.9 Compute Stochastic Parameters

The stochastic parameters (the geometric mean and geometric standard deviation) were calculated
from the set of median (best-estimate) well values in the segment. The first step in calculating the geom-
etric mean and geometric standard deviation was to take the natural logarithm of the median well values.
The arithmetic mean of the log-transformed median values was calculated and then exponentiated to
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3.4.4 Compute Stochastic Parameters

Calculate the geometric mean and geometric standard deviation of all measurements for the segment
after outliers for the segment have been removed. The calculation of the geometric mean and geometric
standard deviation are as described in section 3.3.2.5.2 in the groundwater process using winsorized data.
The geometric mean and geometric standard deviation define the specific two-parameter lognormal
distribution that will be used for the stochastic risk assessment calculations for the segment.

3.7



4.0 Final Data Sets

The final data sets produced for input to the human health and ecological screening assessments are
the media files. The media files were derived from the Microsoft Access database of raw files (see
Appendix A in Volume II). The media files are provided on diskette as Appendix D in Volume II. (For a
copy of Volume II containing over 500 pages plus 9 diskettes, contact S. D. Cannon at 509-372-6210.)
The media files are comma separated files that can be opened and read by Excel 5.0. Each medium is
provided in a separate file. The media are groundwater (GW), sediment (SD), seeps (SP), surface water
(SW), and external radiation (TLD).

Each media file contains a record for each contaminant in each segment. The records are sorted by
contaminant first, then segment. For each medium, a file is constructed that contains the following
information:

Media

SegmentNo

Contaminant

Units

MaxValue

NA
MaxSampNum

MaxSampDate

MaxSampOwner

GM
GSD
NumObs

Medium name
Segment number
Contaminant name
Units of measurement
Maximum concentration
Not available
Identifying number for the sample with the maximum concentration
Date of the sample with the maximum concentration
Organization that has responsibility for the sample with the maximum concentration
Geometric mean
Geometric standard deviation
Number of records for that contaminant/medium combination

If there were no data for a contaminant and segment combination, there will be an "NA" in the media file
for the pertinent record. This will be the case for the maximum and its associated information and for the
geometric mean and geometric standard deviation. If data are marked as undetected (qualifier of "u") in
segments with no detected values for the particular contaminant in question, a geometric mean and geom-
etric standard deviation will be calculated on the detection limits reported (see Section 3.2), but the
maximum value and its associated information will be reported as not available (NA).
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Appendix A

Raw Concentration Data

The raw environmental data collected from all sources for use in the screening assessment were

combined into a single Microsoft Access database for each medium. Access is a Windows'-based
database management system that stores and retrieves data, presents information, and automates repeti-

tive tasks. Diskettes of the raw data are available with this report. The raw data were downloaded

from the media databases into comma separated files which can be opened and read by Excel 5.0.

Five diskettes contain the raw data that were used to develop the media files for use in the screening

assessment of risk. (See Appendix D for the media files.) Three diskettes provided in this appendix
contain the raw data values for biota, cobalt-60 particles, drive point groundwater, N Springs punch
point water, and pore water. Because the availability of data applicable to the screening assessment is

limited, other calculation methods will be used in the screening assessment for contaminant concentra-
tions in biota, cobalt-60 particles, drive point groundwater, N Springs punch point water, and pore
water. Therefore, no media files needed to be prepared for these data. The raw data values for biota,
cobalt-60 particles, drive point groundwater, N Springs punch point water, and pore water are provided

in this report for completeness.

Diskettes of Raw Data to Be Converted and Used in the Screening Assessment of Risk

- Diskette 1 contains seven files labeled gwseg**.csv, where ** is the two digit segment number.
This diskette contains the groundwater raw data for segments 1-7.

* Diskette 2 contains eight files labeled gwseg**.csv, where ** is the two digit segment number.
This diskette contains the groundwater raw data for segments 8-10, 12, 13, 15, 17, 19.

- Diskette 3 contains two files labeled gwseg**.csv, where ** is the two digit segment number. This
diskette contains the groundwater raw data for segments 20 and 21.

Note: No groundwater raw data are available for segments 11, 14, 16, 18, 22-27.

- Diskette 4 contains a file labeled swraw.csv, which is the surface water raw data for segments 1-10
and 13-21. No surface water raw data are available for segments 11, 12, and 22-27.

- Diskette 5 contains three files:
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Depth
Detected

DistClass
EWCoord
LabCode
LR Cr+6 ppm

LR ND
MDL
Media Type
N03 ppm
NSCoord
OwnerID
Qualifier
ResultCom
Result Modification Flag

ReviewFlag

RRN
SampComment
SampMethod
SampNum
SampPart
SampSite-Desc
SampSite ID
SampSite Name
SampSize
SampType
SampledPortion
Segment
SiteID
Status
SV <
SV Cr+6 ppb

TotalAnalError
Value rptd
WellName

Depth from which sample was taken - not consistently used by programs
Flag to indicate if a radioactive sample should be considered as detected -
not consistently used by programs
Identifier used by SESP to indicate if the sample was taken on site or offsite
East-west coordinate
Code used to identify laboratory analyzing sample
Concentration results of lower range analysis for chromium in parts per
million (milligrams per liter)
Qualifier field for lower range chromium analysis
Minimum detection level
Type of media sampled
Concentrations of nitrate in parts per million (milligrams per liter)
North-south coordinate
Organization that has responsibility for the sample
Laboratory qualifier code
Comment on the analysis result
Flag to indicate if result has been modified - not used consistently by
programs
Flag to indicate if result has been reviewed - not used consistently by
programs
A unique record identifier assigned by Access
Comment on the sample
Method used to collect sample
Sample number
Portion of the medium that was sampled
Description of the sampling site
Identification of sampling site
Name of sampling site
Size of sample collected
Type of sample; further identifies beyond medium; for example, transect
Identification of portion of organism sampled
Segment from which sample was taken
Identification of sampling site
Groundwater well use status
Qualifier field for adsorptive stripping voltametry chromium analysis
Adsorptive stripping voltametry concentration results for chromium in parts
per billion (micrograms per liter)
Total analysis error
The concentration value measured
Name of well from which sample taken
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Appendix B

Maps of Sampling Locations by Segment with Coordinates

The 27 maps presented in this appendix depict the sampling locations for data that were used in
developing the media files for each of the 27 segments. See Figure 1.1 for an overview of all 27
segments. Each map in this appendix shows a single segment and the sample locations for all media in
that segment. The coordinate grid is provided so that samples may be tracked from the coordinates
provided in the raw data. Because of concurrent sampling (for example, for seeps and sediment) in
some of the same locations, not all locations are visible on the maps. The number of locations on the
map is given in the legend for each medium.
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Figure B.10. Map of Sampling Locations for All Media in Segment 10
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Appendix C

Plots of Raw Data and Maximum Representative
Values for the Contaminants of Interest

The data plots in this appendix are organized by media: groundwater, sediment, seeps, surface
water, and external radiation. The data plots show the raw data points as well as the maximum repre-
sentative values selected for each contaminant of interest. The maximum representative values will be
used in the deterministic calculations for the screening assessment of risk to human health and the
environment. For groundwater, the set of well medians in a segment were used to calculate the
geometric mean and geometric standard deviation that will be used to determine the probability density
function for the stochastic calculations in the screening assessment. The key for reading the plots is as
follows:

black dots = raw data points

dashed horizontal line = well median for groundwater

m = maximum representative values for each medium; see Section 3.1

o = outlier; data value determined by a statistical test to be outside the range of
possible values in the given distribution

u = undetected values; see Section 3.2

Not all plots contain raw data points. Those without raw data points have no maximum
representative values defined.
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Groundwater Plots and Maximum Representative
Values for the Contaminants of Interest
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External Radiation Plots and Maximum Representative
Values for the Contaminants of Interest
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Appendix D

Media Files of Data for Use in the Screening Assessment of
Risk to Human Health and the Environment

The final data sets produced for input to the human health and ecological screening assessments are
the media files. The media files were derived from the Microsoft Access database of raw files (see
Appendix A). The media files are provided on diskette as part of this appendix. The media files are
comma separated files that can be opened and read by Excel 5.0. Each medium is provided in a
separate file. The media are groundwater (GW), sediment (SD), seeps (SP), surface water (SW), and
external radiation (TLD). The file names on the diskette are xxfile.csv, where xx is the medium
abbreviation.

Each media file contains a record for each contaminant in each segment. The records are sorted by
contaminant first, then segment. For each medium, a file is constructed that contains the following
information:

Media

SegmentNo

Contaminant
Units

MaxValue

NA
MaxSampNum

MaxSampDate

MaxSampOwner
GM
GSD
NumObs

Medium name
Segment number
Contaminant name
Units of measurement
Maximum concentration
Not applicable
Identifying number for the sample with the maximum concentration
Date of the sample with the maximum concentration
Organization responsible for the sample with the maximum concentration
Geometric mean
Geometric standard deviation
Number of records for that contaminant/media combination
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Appendix A - Diskette I of S

Groundwater Raw Data for
Segments 1-7

June 1996

File Name: gwseg**.c v
Comma separated file
Readable by Excel 5.C
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Appendix A - Diskette 2 of S
Groundwsater Raw Data for
Segments 8-10, 12, 13, 15, 17 19

June 1996
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